Introduction
============

Carcinoma of the uterine cervix is a severe malignant neoplasm that affects women globally ([@b1-mmr-22-01-0405]). The mortality rate resulting from cervical cancer remains high, and is second only to the mortality rate of breast cancer ([@b2-mmr-22-01-0405]). Cervical cancer is a complex disease, and in addition to infection with the well-studied human papillomavirus (HPV), many other factors contribute to the tumorigenesis and progression of neoplasms. Aberrant genes, multiparity, and smoking may exert a significant role in the risk of cervical cancer ([@b3-mmr-22-01-0405]). Therefore, novel therapeutic and prognostic targets for cervical cancer are urgently needed.

There is increasing evidence that long non-coding RNAs (lncRNAs) and mRNAs fulfill key roles in tumorigenesis and tumor prognosis. Both lncRNAs and mRNAs may act as microRNA (miRNA) sponges that bind to miRNA response elements (MREs) to regulate gene expression ([@b4-mmr-22-01-0405]). However, the function of lncRNAs has yet to be adequately elucidated. Increasing evidence has suggested that lncRNAs participate in various biological processes, including cell differentiation, invasion, migration, and the cell cycle ([@b5-mmr-22-01-0405]). The carcinogenic mechanisms of lncRNAs at the molecular level, as well as their prognostic potential, are still largely unknown in cervical cancer.

MiRNAs belong to the category of short non-coding RNAs, which may be either upregulated or downregulated in malignant tumors and may regulate the expression of protein-coding RNAs via direct binding to these sequences. Similarly to lncRNAs and mRNAs, miRNAs notably influence tumor growth, invasion, and migration by acting as either oncogenes or tumor suppressor genes, and therefore may influence disease outcome in patients with cancer ([@b6-mmr-22-01-0405]).

Thus, a large-scale analysis of lncRNA-miRNA-mRNA interactions as a competitive endogenous RNA (ceRNA) network is essential for the comprehensive understanding of the oncogenesis and prognosis of cervical cancer. To date, however, few studies have been published that aimed to elucidate the association among mRNAs, lncRNAs, and miRNAs through a ceRNA network in cervical cancer.

The Cancer Genome Atlas (TCGA) is a public database that provides access to genomic data from various types of cancer ([@b7-mmr-22-01-0405]). In the present study, RNA-sequencing (RNA-seq) profiles were retrieved from TCGA to analyze genes that are dysregulated in cervical cancer. The relationship between aberrant RNA expression profiles and overall survival was also analyzed. Moreover, Gene Ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) analyses were conducted to annotate the DEmRNAs.

A total of 255 mRNAs, 15 miRNAs, and 12 lncRNAs were identified as prognostic biomarkers for patients with cervical cancer. Importantly, a miRNA-mediated lncRNA-miRNA-mRNA ceRNA network was constructed and, to the best of the authors\' knowledge for the first time, the lncRNA EPB41L4A-AS1 was confirmed as a pivotal regulator in cervical carcinoma through bioinformatics analysis. Taken together, our results suggest this novel lncRNA is a potential diagnostic biomarker, contributing to our knowledge of the interactions between mRNAs and non-coding RNAs in cervical cancer.

Materials and methods
=====================

### Materials and data

A total of 307 cases were retrieved from TCGA database, among which 304 were cervical squamous cell carcinoma and endocervical adenocarcinoma (CESC) primary tumor tissues, and three were solid normal tissues. RNA expression data, as well as clinical information, were obtained from TCGA website (Date of access for database: 27th August 2018). Note that medical ethics committee approval was not required for the present study.

### Differential gene expression analysis

Linear Models for Microarray Data (Limma) ([@b8-mmr-22-01-0405]) was used to identify DE genes (DEGs), comparing between primary tumor tissues and solid normal tissues. The ggplot2 (<http://ggplot.yhathq.com/>) package in R software was employed to generate a volcano plot and to perform hierarchical clustering analysis to distinguish statistically significant DEGs. The selection criteria were P\<0.05 and \|fold change\|\>2 for DEGs.

### Functional enrichment analysis

R package clusterProfiler ([@b9-mmr-22-01-0405]) was used to conduct functional enrichment analysis, and significant enrichment in GO and KEGG pathways (P\<0.01 and q\<0.01) were identified. P-values were adjusted with the Benjamini-Hochberg method. A selection of DEGs that were significantly enriched in cell cycle pathways were displayed in a signal pathway diagram.

### Univariate survival analysis

Kaplan-Meier (KM) analysis based on the survival package (<https://www.rdocumentation.org/packages/survival>) was used for univariate survival analysis. The KM analysis divides patients into upregulated and downregulated groups according to median expression levels.

### Analysis of ceRNAs network

Three criteria were used to determine the competing endogenous interactions between lncRNA-mRNA pairs: i) the lncRNA and mRNA must share a significant number of miRNAs. A hypergeometric test was used to determine whether a lncRNA and mRNA shared a significant number of miRNAs. A newly developed algorithm spongeScan ([@b10-mmr-22-01-0405]) was employed to predict MREs of lncRNAs. StarBase v.2.0 ([@b11-mmr-22-01-0405]) was used to retrieve predicted and experimentally confirmed miRNA-mRNA and/or miRNA-lncRNA interactions. ii) Expression of lncRNA and mRNA must be positively correlated. There have been a number of reports of miRNAs acting as negative regulators of gene expression. If a greater number of miRNAs are occupied by lncRNAs, fewer of these miRNAs will bind to the target mRNA, thus increasing the expression level of mRNA. Therefore, expression of lncRNAs and mRNAs in a ceRNA pair should be positively correlated. iii) MiRNAs that share similar sequences should serve similar roles in regulating the expression of lncRNAs and mRNAs.

Two methods were used to determine the regulatory role of miRNAs in the lncRNAs and mRNAs:

### Regulation similarity

A similarity score was defined to analyze the similarity between miRNA-lncRNA expression correlation and miRNA-mRNA expression correlation. The following formula was used:
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Where *M* indicates the total number of shared microRNAs, k stands for the k^th^ shared miRNA, and *corr(mk, l)* and *corr(mk, g)* represent the Pearson correlation between the kth miRNA and lncRNA and the kth miRNA and mRNA, respectively.

### Sensitivity correlation

Sensitivity correlation, previously defined by Paci *et al* ([@b12-mmr-22-01-0405]), was used to examine whether the interaction between mRNA and lncRNA is mediated by miRNA in the lncRNA-miRNA-mRNA triplet. The average of all triplets of a lncRNA-mRNA pair and their shared miRNAs was considered as the sensitivity relevance between a selected mRNA and lncRNA:
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Where *M* indicates the total number of shared miRNAs, *k* stands for the k^th^ shared miRNA, *corr(l, g), corr(mk, l)*, and *corr(mk, g)* represent the Pearson correlation among the lncRNA and the protein coding gene, the k^th^ miRNA and lncRNA, and the k^th^ miRNA and mRNA, respectively. The network was further filtered by hyperP-value\<0.05 and corP-value\<0.05. The ceRNA network was visualized with Cytoscape (v.3.6.1) ([@b13-mmr-22-01-0405]). The Cytoscape plug-in called 'cytoHubba' ([@b14-mmr-22-01-0405]) was used to explore hub nodes. The maximal clique centrality (MCC) algorithm of cytoHubba was used to identify hub nodes.

Results
=======

### Identification of DEmRNAs and DEmiRNAs

RNA expression profiles of 304 CESC and three solid normal tissues were obtained from TCGA database. DE analysis of RNA expression levels in CESC tissues compared with those of normal samples was performed. In total, 2,255 DEmRNAs and 133 DEmiRNAs were confirmed with cut-off values of P\<0.05 and \|FC\|\>2. There were 796 DEmRNAs that were significantly upregulated, and 1,459 DEmRNAs that were strongly downregulated. Moreover, 80 DEmiRNAs were upregulated, and 53 were downregulated based on the differential expression profiles. FOXA1, PITX1, OTX1, SFN, and NMU were the top five upregulated mRNAs, whereas DES, ACTG2, CNN1, MYH11, and PTGIS were the top five downregulated mRNAs. Additionally, the top five most highly expressed miRNAs were miR-205-5p, miR-141-3p, miR-141-5p, miR-203b-3p, and miR-200c-5p, whereas miR-204-5p, miR-133a-3p, miR-1-3p, miR-145-5p, and miR-10b-5p were the top five most downregulated miRNAs. Volcano plots were subsequently generated to identify the DEGs with statistically significant differences, comparing between primary tumors and normal tissues ([Fig. 1](#f1-mmr-22-01-0405){ref-type="fig"}). Heat maps of hierarchical clustering analysis were also generated for the DEGs ([Fig. 2](#f2-mmr-22-01-0405){ref-type="fig"}).

### Differentially expressed lncRNAs (DElncRNAs) and survival analysis in CESC

A total of 150 DElncRNAs were identified to have dysregulated expression profiles in CESC tissues compared with those in normal samples. Among them, 60 DElncRNAs were upregulated and 90 DElncRNAs were significantly downregulated. The top 10 DElncRNAs are presented in [Table I](#tI-mmr-22-01-0405){ref-type="table"}. Subsequently, the association between DElncRNAs and the prognosis of patients with CESC using KM analysis was studied. This analysis revealed that 12 DElncRNAs were clearly related to overall survival. The overall survival was positively associated with 9 DElncRNAs (AC008771.1, AC015871.3, AC016773.1, AC093278.2, AL662844.4, EMX2OS, ILF3-AS1, TFAP2A-AS1, and ZSCAN16-AS1) ([Fig. 3](#f3-mmr-22-01-0405){ref-type="fig"}), and negatively associated with 3 DElncRNAs (AC019069.1, BAIAP2-AS1, and CASC15).

### GO and KEGG pathway annotation of DEmRNAs

To explore the potential functions of aberrantly expressed mRNAs that may be associated with the tumorigenesis and development of CESC, GO and KEGG pathway analyses were conducted using the R package clusterProfiler. The annotations of enriched GO terms were related to cell division, cell proliferation, cellular protein metabolic process, and cell differentiation. The top 30 significantly enriched GO terms are shown in [Fig. 4A](#f4-mmr-22-01-0405){ref-type="fig"}. KEGG enrichment indicated that the DEmRNAs were remarkably well-enriched in tumor-associated pathways; including focal adhesion, cell cycle, cellular senescence, DNA replication, p53 signaling pathway, Fanconi anemia pathway, homologous recombination, and base excision repair. The top 10 enriched pathways are shown in [Fig. 4B](#f4-mmr-22-01-0405){ref-type="fig"}. It was noted that DEmRNAs enriched in the biological processes of the top 10 GO terms were mainly associated with the cell cycle in KEGG pathways. Therefore, the DEmRNAs of CESC are depicted in the signal pathway diagram of the cell cycle. A plot describing the cell cycle and involvement of DEmRNAs is shown in [Fig. 5](#f5-mmr-22-01-0405){ref-type="fig"}. Gradient colors are used to indicate high- or low-expression genes. The results of the functional enrichment analyses suggest that the DEmRNAs may participate in oncogenicity and tumor progression in CESC through regulating relevant biological processes and critical pathways.

### Assessment of DEmRNAs and DEmiRNAs associated with overall survival

KM curves were generated to analyze the relationship between RNA expression and overall survival in patients with CESC. In the present study, 255 DEmRNAs were identified to be significantly associated with overall survival and 15 DEmiRNAs were closely linked to prognosis in CESC. Among the top 9 mRNAs that affected overall survival in CESC, C9orf84, CBX7, CCDC171, CSK, HELLS, and RIBC2 were positively associated with overall survival, whereas FASN, LATS2, and SMYD2 were negatively associated with survival ([Fig. 6](#f6-mmr-22-01-0405){ref-type="fig"}). Overexpressed DEmiRNAs, including miR-99a-5p, miR-20b-3p, miR-101-3p, miR-145-5p, miR-142-3p, miR-218-5p, miR-362-5p, miR-185-3p, miR-505-5p, miR-642a-5p, and miR-29b-2-5p, were revealed to be strongly associated with prolonged patient survival time, and upregulated DEmiRNAs, including miR-210-5p, miR-425-5p, miR-3613-5p, and miR-6892-5p, were associated with poor patient prognosis. The top 9 DEmiRNAs associated with overall survival are shown in [Fig. 7](#f7-mmr-22-01-0405){ref-type="fig"}.

### Construction of ceRNA network in CESC

Competing endogenous RNA network analysis was based on three criteria (see the Materials and methods section) to determine the competing endogenous interactions among mRNAs and lncRNAs. A hypergeometric test of shared miRNAs, expression correlation analysis of lncRNA-mRNA pairs, and regulation pattern analysis of shared miRNAs were all implemented to build a ceRNA regulatory network of lncRNAs, miRNAs, and mRNAs in CESC. StarBase v2.0 was used to collect miRNA-lncRNA and/or miRNA-mRNA pairs for prediction and experimental verification. A co-expression network was constructed between the DElncRNAs and DEmRNAs and the network was further filtered using hyper P-value \<0.05 and cor P-value \<0.05. Cytoscape was used to visualize the ceRNA network. Ultimately, 110 nodes and 190 edges were identified, including 5 lncRNAs, 15 miRNAs, and 90 mRNAs, for the ceRNA network. The Cytoscape plug-in called 'cytoHubba' was used to detect hub nodes, and the MCC algorithm of cytoHubba was used to identify hub nodes. The top 10 genes were miR-374b-5p, miR-374a-5p, miR-590-3p, miR-18a-5p, miR-18b-5p, miR-4735-3p, miR-376c-3p, EPB41L4A-AS1, CCND2, and miR-153-3p, and their scores were 49, 48, 18, 17, 15, 10, 9, 7, 7, and 6, respectively. Among them, miR-18a-5p, miR-376c-3p, and miR-590-3p were included with the DEmiRNAs, whereas EPB41L4A-AS1 and CCND2 belonged to the DElncRNA and DEmRNA groups, respectively. Based on the MCC scores, a sub-network was established that centered around the lncRNA EPB41L4A-AS1, one of the top 10 most highly expressed genes ([Fig. 8](#f8-mmr-22-01-0405){ref-type="fig"}).

Discussion
==========

LncRNAs are transcriptional products that are more than 200 nucleotides in length and do not appear to possess any significant coding protein function. LncRNAs are composed of various heterogeneous non-coding RNAs ([@b15-mmr-22-01-0405]). Although lncRNAs are abundant among non-coding RNAs, their function has not been fully elucidated. Notably, there has been increasing evidence that lncRNAs significantly contribute to gene expression and regulation. In recent years, multiple studies have revealed that lncRNAs participate in various processes, including cell growth, cellular death, and epigenetic regulation ([@b16-mmr-22-01-0405]). Yang *et al* ([@b17-mmr-22-01-0405]), confirmed Gm16551 as an lncRNA regulator that suppresses lipogenesis and sterol regulatory element-binding protein 1c activity in the mouse liver. Moreover, the aberrant expression of lncRNAs is associated with pathogenesis and development of multiple carcinomas via activation of carcinogenic pathways and interaction with other RNAs ([@b18-mmr-22-01-0405]).

The present study reported 60 upregulated and 90 downregulated lncRNAs among the lncRNAs that were differentially expressed between tumor tissues and normal samples. Notably, lncRNA MEG3 was found to be downregulated in our differential expression profile. It was previously identified using experimental techniques that the upregulation of MEG3 may inhibit cell growth through reducing the expression of miR-21-5p in carcinoma of the uterine cervix ([@b19-mmr-22-01-0405]). The lncRNA C5orf66-AS1 was overexpressed among the DE RNAs. Rui *et al* ([@b20-mmr-22-01-0405]) suggested that C5orf66-AS1 was markedly upregulated in uterine cervical neoplasms compared with its expression in paracervical tissues. LncRNA C5orf66-AS1 may regulate cancer proliferation and cell death in cervical cancer via sponging miR-637 as a ceRNA. In addition, lncRNA LINC00511 was also upregulated among aberrantly expressed lncRNAs. Lu *et al* ([@b21-mmr-22-01-0405]), indicated that the high expression of LINC00511 was associated with poor disease outcome in breast cancer. In addition, the study demonstrated that LINC00511 interacted with miR-185-3p as a competing ceRNA to facilitate breast cancer tumorigenesis.

To explore the significance of DElncRNAs in expression profiles further, KM analysis was performed to detect the association between DElncRNAs and overall survival in patients with uterine cervix carcinoma. It was noted that 12 DElncRNAs were significantly associated with carcinoma outcome. The results of the study by He *et al* ([@b22-mmr-22-01-0405]), were consistent with our findings, as the present study reported that high expression of lncRNA CASC15 was associated with poor disease outcome in hepatocellular carcinoma. Yin *et al* ([@b23-mmr-22-01-0405]), demonstrated that AC016773.1 is an independent factor influencing survival in clear cell renal carcinoma via multivariate Cox regression analysis. The present study noted that some lncRNAs (AC008771.1, AC015871.3, AC019069.1, AC093278.2, and AL662844.4) that have been studied poorly to date are significantly associated with survival time, although further experimental verification is required for validation.

MiRNAs form one group of small non-coding RNA molecules that exist in animals, plants, and some viruses ([@b24-mmr-22-01-0405]), and function in RNA silencing and post-transcription to regulate gene expression. Guay *et al* ([@b25-mmr-22-01-0405]), suggested that transfer of miRNAs to rodent and human pancreatic β-cells results in chemokine expression and apoptosis of β-cells. Previous studies have demonstrated multiple roles for miRNAs in many biological processes. For example, Wüst *et al* ([@b26-mmr-22-01-0405]), verified that loss of miR-1/133a hinders mitochondrial activity in skeletal muscle. Lee *et al* ([@b27-mmr-22-01-0405]), demonstrated that epithelial microvesicle-containing cav-1/hnRNPA2B1 complex bound to miR-17/93-activated tissue macrophages and initiated an immune response. Furthermore, aberrant miRNA expression is implicated in disease states. Mehta *et al* ([@b28-mmr-22-01-0405]), suggested that miR-132 may modulate B lymphopoiesis via Sox4 and inhibit development of cancerous B-cells. Singh *et al* ([@b29-mmr-22-01-0405]), showed that miR-17\~92-deficient type 2 innate lymphoid cells relieved lung inflammation after exposure to allergens in mice. MiRNAs may be upregulated or downregulated, and aberrantly expressed miRNAs are involved in tumorigenesis and the development of multiple types of cancer, including cervical cancer ([@b30-mmr-22-01-0405],[@b31-mmr-22-01-0405]).

In the present study, 133 miRNAs were differentially expressed between cervical tumors and normal solid samples. Among the DEmiRNAs, 80 miRNAs showed increased expression, and 53 miRNAs showed decreased expression, respectively. The data revealed that miRNA-205-5p, miRNA-210-5p, miRNA-425-5p, miRNA-21-5p, and miRNA-141-3p were highly expressed. Several studies have detected the relationship between these miRNAs and various types of cancer. Chen *et al* ([@b32-mmr-22-01-0405]), showed that miRNA-205-5p may restrict the reproductive and invasive capabilities of colorectal carcinoma by inhibiting PTK7. Interestingly, miRNA-205-5p was the most highly expressed miRNA in our expression profiles, a finding which is consistent with those of Vilming Elgaaen *et al* ([@b33-mmr-22-01-0405]), who reported that miRNA-205-5p was the most highly expressed (FC=74) miRNA in high-grade ovarian carcinoma. Qu *et al* ([@b34-mmr-22-01-0405]), reported that miRNA-21-5p was highly expressed in pancreatic cancer, and further suggested a favorable sensitivity and specificity (0.77 and 0.80, respectively) for the diagnostic value of miRNA-21-5p. Their study highlighted that miRNA-21-5p may be a prospective indicator in pancreatic cancer. It has also been observed that the expression of miR-141-3p is inversely associated with p53 expression in glioblastoma and normal brain tissues. MiR-141-3p facilitated glioma progression and temozolomide resistance by regulating p53 expression, and therefore may act as a new diagnostic and therapeutic indicator in glioblastoma ([@b35-mmr-22-01-0405]). Hang *et al* ([@b36-mmr-22-01-0405]), confirmed that miR-145-5p is strongly and negatively associated with connective tissue growth factor (CTGF) (r=0.1126, P=0.02188), and downregulation of miR-145-5p was found to be associated with poor disease outcome and higher stages in ovarian cancer. The present study also found that miR-145-5p was one of the downregulated miRNAs. By comprehensively analyzing the relationship between DEmiRNAs and overall survival of patients with cervical cancer, miR-210-5p and miR-425-5p were found to be upregulated and had a significant negative association with overall survival. Ying *et al* ([@b37-mmr-22-01-0405]), suggested that upregulation of miR-210-5p exerted an impact on carcinogenic signaling pathways, and may participate in the progression of kidney carcinoma. Low expression of miR-425-5p was indicated to inhibit cell growth, infiltration, and migration in gastric carcinoma. Moreover, downregulated miR-425-5p may suppress tumor metastasis to lung tissues in nude mice ([@b38-mmr-22-01-0405]).

The importance of mRNAs in malignant neoplasms has been well studied. Therefore, the differences in mRNA expression between cervical cancer samples and normal tissues were analyzed. A total of 2,255 DEmRNAs were confirmed in our profile. KM analysis was simultaneously performed to explore the relationship between DEmRNAs and patient outcome. Fatty acid synthase gene (FASN) was determined to be highly expressed in cervical tumor samples, and an inverse association between FASN and overall survival was detected in patients with cervical cancer. Xia *et al* ([@b39-mmr-22-01-0405]) demonstrated that FASN may serve as a potential prognostic biomarker in patients with cervical cancer through Cox regression analysis. Notably, the mRNAs CXCL12 and CCL21 were both downregulated in our data, and are known to be involved in invasion, migration, and progression of cervical cancer ([@b40-mmr-22-01-0405],[@b41-mmr-22-01-0405]). Moreover, a low expression of mRNA FOXO1 was observed, and it has been previously reported that downregulation of FOXO1 may induce cellular proliferation and activate tumor cell viability in carcinoma of the uterine cervix ([@b42-mmr-22-01-0405]). Zhao *et al* ([@b43-mmr-22-01-0405]) indicated that dysfunction of the mRNAs CHEK1 and CDKN2A, which were upregulated within our group of DEmRNAs, could facilitate cellular proliferation in cervical cancer.

The ceRNA network was originally proposed by Salmena *et al* ([@b44-mmr-22-01-0405]) to highlight the notion that mRNAs, lncRNAs, and other RNAs may interact with miRNAs by sponging the miRNAs through MREs. Several studies have revealed that lncRNAs are able to indirectly regulate mRNAs through miRNAs ([@b45-mmr-22-01-0405],[@b46-mmr-22-01-0405]). Therefore, GO and KEGG analyses of DEmRNAs were conducted to provide insights into the impact of dysregulated lncRNAs. The enriched GO terms were mainly involved in cell division, cellular proliferation, cellular protein metabolic processes, and cell differentiation. The KEGG pathways of DEmRNAs were markedly enriched in tumor-associated pathways, including focal adhesion, cell cycle, cellular senescence, DNA replication, p53 signaling, Fanconi anemia, homologous recombination, and base excision repair. Moreover, the top 10 GO terms enriched in DEmRNAs were primarily associated with the cell cycle in KEGG pathways.

Subsequently, the effects of DEmRNAs on overall survival were assessed, and 255 DEmRNAs with prognostic value in cervical cancer were identified. The DEmRNAs CBX7, SMYD2, and LATS2 were strongly associated with the clinical outcome of cervical cancer patients by KM analysis. Previous studies have shown that CBX7 is a vital tumor suppressor, and the absence of CBX7 contributes to tumorigenesis, whereas high expression of CBX7 is correlated with longer survival time ([@b47-mmr-22-01-0405],[@b48-mmr-22-01-0405]). High expression of SMYD2 was found in papillary thyroid carcinoma and hepatocellular carcinoma tissues, and patients with papillary thyroid cancer and hepatocellular cancer with upregulated SMYD2 were observed to have poor disease outcomes ([@b49-mmr-22-01-0405],[@b50-mmr-22-01-0405]). Consistent with our findings, Luo *et al* ([@b51-mmr-22-01-0405]) suggested that the expression of the mRNA LATS2 was a significant predictive factor of overall survival in lung adenocarcinoma.

A hypothesis of ceRNA network provided a new avenue for studies that could improve our understanding of the interaction between lncRNAs and mRNAs mediated by miRNAs. The construction of a lncRNA-miRNA-mRNA network offered new clues for revealing the key RNAs involved in tumorigenesis and progression of cervical cancer. Here, a miRNA-mediated lncRNA-miRNA-mRNA cross-talk network from TCGA database was generated. In the ceRNA network, there were 110 nodes and 190 edges, including 5 lncRNAs, 15 miRNAs, and 90 mRNAs. The scores of RNAs that were identified in the network were calculated, and a subnetwork was constructed that centered on the lncRNA EPB41L4A-AS1 in the top 10 genes based on MCC scores. The figure created for the ceRNA sub-network indicated that the lncRNA EPB41L4A-AS1 could indirectly interact with the mRNAs CCND2 and VDAC1 via miR-106a-5p, miR-93-5p, miR-106b-5p, miR-519d-3p, miR-17-5p, miR-20a-5p, and miR-20b-5p. This suggested that the lncRNA EPB41L4A-AS1 may function as a vital regulator in carcinoma of the uterine cervix. In line with this, Zhan *et al* ([@b52-mmr-22-01-0405]) also provided evidence in support of EPB41L4A-AS1 acting as a potential candidate for stage progression and poor prognosis in ovarian cancer. It was shown in the present study how lncRNAs affect the expression of coding genes mediated by miRNAs, highlighting the importance of a lncRNA-miRNA-mRNA network in cervical cancer.

It is important to verify the function of the RNAs implicated in cervical cancer as well as the interaction among mRNAs, miRNAs, and lncRNAs, both *in vitro* and *in vivo*, using mice, for example, as an animal model. During *in vivo* research, the homology of mRNA, miRNA, and lncRNA must be considered. To answer this, it is necessary to obtain the mouse (or others) RNA-seq data and human RNA-seq data to check the homology via tools such as BLAST (Basic Local Alignment Search Tool). In the present study, RNA-seq profiles from mice or other animal models were not used, and would be useful to analyze in future studies.

In the literature, some mRNAs and miRNAs in mouse have functions that are similar to those of humans. For example, Qi *et al* ([@b53-mmr-22-01-0405]) showed mRNA paired like homeodomain 1 (PITX1), which was overexpressed in the present study, can suppress both human telomerase reverse transcriptase (hTERT) and mouse TERT (mtert) promoter activity. Sastre-Perona *et al* ([@b54-mmr-22-01-0405]) revealed that PITX1 is specifically expressed in basal tumor propagating cells, where it co-localizes with SOX2 and TRP63 and determines cell fate in mouse and human squamous cell carcinoma. Osei-Amponsa *et al* ([@b55-mmr-22-01-0405]) confirmed a critical role for hypermethylation of FOXA1 in heterogeneity of bladder cancer, and epigenetic silencing of FOXA1 drives squamous differentiation in mice. In the present study, miRNA-205 was upregulated; Son *et al* ([@b56-mmr-22-01-0405]) suggested that miRNA-205 of humans shares similar sequences to that of miRNA-712 in mice, and is highly conserved in most vertebrates. miRNA-205 and miRNA-712 also share \>50% of the cell signaling targets, including TIMP3. For the lncRNAs, this appears not to be the case. Further investigations into vertebrate lncRNAs revealed that, although lncRNAs are conserved in sequence, they are not conserved in terms of their transcription ([@b57-mmr-22-01-0405],[@b58-mmr-22-01-0405]). This means that, even when the sequence of a human lncRNA is conserved in another vertebrate species, there is often no transcription of a lncRNA in the orthologous genomic region.

Our results have uncovered the potential mechanisms of tumorigenesis and prognosis in cervical cancer, and suggest that the lncRNA EPB41L4A-AS1 is both a novel and vital biomarker for carcinogenesis and progression, and also a candidate therapeutic target in cervical cancer that needs to be studied further. Drugs targeting lncRNA EPB41L4A-AS1, which is implicated in the overexpression of miR-106a/106b-5p, will have usefulness in the treatment of cervical cancer. However, to achieve this, further *in vitro* and *in vivo* experiments are needed to verify the mechanisms of mutual interaction between the lncRNA EPB41L4A-AS1 and related target genes in the ceRNA sub-network mentioned above.

In conclusion, in the present study, the expression profiles of lncRNA, miRNA, and mRNA in cervical cancer were analyzed from TCGA database. Cancer-specific RNAs that may be relevant for tumorigenesis, development, and prognosis were screened via differential gene expression analysis, KM survival analysis, and a comprehensive ceRNA network. Our study has significantly contributed to the current understand¬ing of cervical cancer pathogenesis, and has identified novel RNAs as potential markers for diagnosis, prognosis, and therapy. Due to the limitations of bioinformatics analysis, however, large-scale prospective research will be necessary for further validation.
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![A plot of the cell cycle involving DEmRNAs in CESC. mRNAs with high and low expression are represented by red and green, respectively. The intensity of gradient color indicates expression level of the dysfunctional gene. CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; DE, differentially expressed.](MMR-22-01-0405-g06){#f5-mmr-22-01-0405}

![Kaplan-Meier survival curves of the top 9 DEmRNAs associated with overall survival. DE, differentially expressed.](MMR-22-01-0405-g07){#f6-mmr-22-01-0405}

![Kaplan-Meier analysis of the top 9 DEmiRNAs associated with overall survival. DE, differentially expressed.](MMR-22-01-0405-g08){#f7-mmr-22-01-0405}

![ceRNA networks in CESC. (A) The ceRNA network between DElncRNAs and DEmRNAs mediated by miRNAs. The round, rhombus, and triangle nodes represent mRNAs, lncRNAs, and miRNAs, respectively. Red indicates high expression, whereas green represents low expression. Blue triangle nodes represent miRNAs that do not belong to DEmiRNAs. (B) The subnetwork of lncRNA-miRNA-mRNA. Red ellipse, blue rectangles, and yellow diamonds represent miRNA, mRNA, and lncRNA, respectively. ceRNA, competitive endogenous RNA; CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; DE, differentially expressed.](MMR-22-01-0405-g09){#f8-mmr-22-01-0405}

###### 

Top 10 DElncRNAs in CESC tissues compared with normal samples.

  lncRNA        Expression change   Log2 FC   P-value        FDR
  ------------- ------------------- --------- -------------- --------------
  EMX2OS        Downregulation      −6.54     2.93×10^−20^   3.19×10^−18^
  MAGI2-AS3     Downregulation      −4.70     1.27×10^−29^   4.28×10^−27^
  MIR100HG      Downregulation      −4.36     6.34×10^−16^   4.17×10^−14^
  DIO3OS        Downregulation      −4.17     2.50×10^−08^   4.99×10^−07^
  DNM3OS        Downregulation      −3.91     3.65×10^−15^   2.16×10^−13^
  LINC01451     Upregulation        6.04      5.47×10^−4^    3.81×10^−3^
  FAM83A-AS1    Upregulation        6.28      6.38×10^−4^    4.32×10^−3^
  C5orf66-AS1   Upregulation        6.62      3.89×10^−4^    2.83×10^−3^
  AC245041.1    Upregulation        6.82      9.30×10^−4^    5.88×10^−3^
  AL049555.1    Upregulation        7.47      3.93×10^−4^    2.86×10^−3^

CESC, cervical squamous cell carcinoma and endocervical adenocarcinoma; DE, differentially expressed; FC, fold change; FDR, false discovery rate.
